Abstract: The aim of this study was to determine the geographical and ecological distribution of Allium scorodoprasum cytotypes in Lithuania. 46 populations were studied: environmental variables were recorded and somatic chromosome numbers of 797 individuals from all populations were assessed. Diploids were found in 13 populations in the northern part of the study area, while triploids occurred in 33 populations from the western part of Lithuania. A. scorodoprasum frequently occurred in river valleys, particularly in the rarely flooded high level floodplains or on lower terraces. Only one population was recorded in Alno-Ulmion forest and three on the Glechometalia hederaceae forest edges, while 42 populations occurred in mesophilous or semidry Arrhenatheretalia elatioris, Mesobromion erecti and Trifolio-Geranietea sanguinei grasslands. No distinct differences in relative frequencies of diploid and triploid cytotypes in different plant communities were found whereas the soil chemical composition between the habitats of both cytotypes differed statistically. These differences however were indicative of the geographical separation of habitats rather than ecological differentiation between the two cytotypes. The results suggest that there were at least two separate roads of colonization of diploid and triploid A. scorodoprasum into Lithuania.
Introduction
Polyploidy is ubiquitous phenomenon among angiosperms that may have led to a dramatic increase in species richness (Soltis et al. 2009 ). Ploidy differences are not restricted to comparisons between species but also occur frequently within species (e.g., Baack, 2004; Suda et al. 2007; Duchoslav et al. 2010; Šafářová et al. 2011 Šafářová et al. , Karpavičienė 2012 . Many studies of intraspecific polyploid complexes have shown that cytotypes are geographically segregated (e.g., Li 2005; Mandáková & Münzbergová 2006; Suda et al. 2007 ). The spatial segregation is explained by minority cytotype exclusion (Levin 1975) , differences in ecological requirements (e.g. Te Beest et al. 2012) , various spatio-historical processes (Mandáková & Münzbergová 2006) as well as the traits of reproductive biology (Mráz et al. 2012) . Generally, the frequency of diploids strongly and regularly decreases along the S-N zonal gradient (Brochmann et al. 2004; Peruzzi et al. 2012) . Distributional data of polyploids and their diploid progenitors are important in answering many questions concerning polyploid origin, spread and niche differentiation. However, casual sampling of a small number of plants is usually able to detect the most frequent cytotypes but fails to detect rare ones (Duchoslav et al. 2010) .
Allium scorodoprasum L. is a bulbous geophyte with a submediterranean-subcontinental-european distribution (Meusel et al. 1965) . In Lithuania the species occurs at the northeastern limit of its range (Jankevičienė et al. 2003) and is enlisted in the Red Data Book (Karpavičienė 2007a) . In Lithuania A. scorodoprasum is found in the western part of the country and in the western part of Latvia and Estonia as well, close to the Baltic Sea (Jankevičienė et al. 2003) . The species consists of three cytotypes varying from diploids to tetraploids (2n = 16; 24; 32). The diploid and triploid cytotypes prevail in Europe, and are reported from Austria (e.g. Wetschnig 1992), Slovakia (Murin & Feráková 1988) , Finland and Ukraine (e.g. Aström & Haeggström 2003) , Lithuania (Karpavičienė 2007b) . Diploid plants are reported from European Turkey (Özhatay et al. 1993) , Italy (Löve & Löve 1982) , Macedonia (Šopova 1972) , Slovenia (Murin & Feráková 1988) , British and Irish Isles (Al-Bermani et al. 1993) , Belarus (Semerenko, cited in Agapova et al. 1990 ), Sweden (Lövkvist & Hultgård 1999) . The triploids are registered in Germany (Ohri & Pistrick 2001) and the Czech Republic (Měsíček & Javůrková-Jarolímová 1992) . The tetraploids are the rarest ploidy level in A. scorodoprasum and are found in Turkey (Özhatay 2002), Italy (Jacobsen & Ownbey 1977) and the Netherlands (e.g. Van Loon 1982) . However, only single chromosome counts per populations are reported in most of these studies. The most detailed information on geographical distribution of A. scorodoprasum cytotypes on a regional scale are obtained for Slovakia by Murin & Feráková (1988) , where diploids and triploids are found in ap- proximately equal proportion with some differences in geographical and ecological distribution.
The following questions were addressed: 1) How are cytotypes of A. scorodoprasum in Lithuania, where this species occurs near the northeastern limit of its range, distributed? 2) Are there any relationships between ploidy level and ecological parameters? 3) What are the reasonable inferences for the observed pattern of cytotype distribution and colonisation history?
Material and methods
The detailed distribution of A. scorodoprasum in Lithuania was ascertained. This investigation was based on an analysis of herbaria materials from Vilnius University (WI) and the Institute of Botany (BILAS). In addition to published data, unpublished records from regional parks, and the database of a Lithuania National Grassland Inventory were used. Information about 47 potential locations was obtained. A. scorodoprasum was found in 27 locations based on visiting all recorded sites in 2011 and 2012. Twelve ecologically diverse habitats were divided into two or three sectors as separate populations. In total 46 populations of A. scorodoprasum were distinguished. The list of populations studied is presented in the appendix. The location, geographic coordinates, area occupied by the population, topographic relief and anthropogenic impacts were recorded for each site. The number of mature A. scorodoprasum individuals was recorded in each population. Plant communities with A. scorodoprasum were described following BraunBlanquet (1964) One to three soil samples at depth from five to ten centimeters were taken from the habitats of each population. The soil texture was estimated by feel (1 = coarse sand, 2 = sand, 3 = sandy loam, 4 = loam, 5 = heavy loam). The chemical characteristics of soil were estimated at the Agrochemical Research Centre of the Lithuanian Institute of Agriculture. The available phosphorus (P2O5) and available potassium (K2O) were determined using the Egner-RiehmDomingo (A-L) method (Egner et al. 1960) ; soil pH was potentiometrically measured in a 1 M KCl suspension (ISO 10390); the organic carbon content was determined after dry combustion (ISO 10694:1995) .
Aerial bulbils from one to 35 plants (average 17.3 plants per population) growing not closer than one meter from each other were collected from each population. The number of plants sampled depended on the size of the population and the occupied plot. The sampled aerial bulbils were germinated, radices treated with a colchicine solution and slides prepared as previously described (Karpavičienė 2007b) . The chromosomes were counted in at least in five cells with wellspread chromosomes for each individual.
To assess variations and differences in habitat characteristics between the ploidy levels descriptive statistics, t-tests and Mann-Whitney U test (for ordinal data) were used. To clarify the importance of soil chemical characteristics in explaining cytotypes distribution, principal component analysis (PCA) after standardization was performed. All analyses were performed using the Statistica 10.0 software.
Results and discussion
The populations of A. scorodoprasum differed greatly in size and number of individuals. The area occupied varied from 0.001 to 1.5 ha and the number of mature individuals from two to 809 (Table 1) . Almost all habitats of A. scorodoprasum were located near the western, northern and southwestern border of Lithuania. The populations studied showed an apparent preference for floodplains. It frequently occurred in river valleys, particularly in the rarely flooded high level floodplains or on lower terraces. The majority of habitats (16) were found in the lower reaches of the Nemunas River, the largest river in Lithuania. Likewise in the Czech Republic A. scorodoprasum occurs in corridors of large lowland rivers, their tributaries and adjacent hills as well (Duchoslav & Krahulec 2009 ). According Burkart (2001) , this species belongs to the river corridor plants which occur exclusively or predominantly in the corridors of large rivers. The explanation of plant species distribution in river corridors may include hydrochory, high levels of disturbance by water, variable water availability, warm summers and high nutrient supply (Burkart 2001) .
Chromosome numbers were counted for 797 individuals from 46 populations. Two ploidy levels were found, namely diploid and triploid. The diploid cytotype was represented by 13 populations (31.7% of all studied plants) and the triploid by 33 populations (68.3% of all studied plants). This study did not confirm the presence of populations consisting of two cytotypes (Karpavičienė 2007b ). Both cytotypes have distinct ge- ographical segregation (Fig 1) . In general, diploids prevailed in the northern part, while triploids occurred in western part of Lithuania. The habitats of diploids and triploids were distinctly isolated from each other. All of the locations of triploids occurred in river valleys belonging to the Nemunas basin and near the coast of Curonian lagoon where the Nemunas River empties, whereas diploids were concentrated in the northern part of Lithuania along Venta and Mūša Rivers flowing northward into the Baltic Sea. Two diploid populations did not fit in this pattern of distribution. One of them was found in the southernmost site in the valley of river Šešupė belonging to Nemunas basin. The second one occurred in the centre of Lithuania and was the only place where A. scorodoprasum was found in a forest.
In Lithuania A. scorodoprasum was found in dryer habitats than Ellenberg's value shows. The calculated mean Ellenberg's values for moisture in relevés with A. scorodoprasum varied from 4.9 to 6.5 (5.9 in average) and differed from that given by Ellenberg et al.(1991) . The same difference in soil moisture values is found in Great Britain (Hill et al. 1999 ) and in the Netherlands (Schaffers & Sýkora 2000) . The mean Ellenberg's values for moisture did not differed statistically between the studied habitats of diploids and triploids (P = 0.27).
No clear differences in human activities were recorded in the habitats of diploid and triploid A. scorodoprasum in Lithuania. Only traditional agricultural activities such as cattle grazing or haying were observed in six habitats. One population (No. 14) was found in a freshly disturbed meadow and was apparently established before the habitat destruction. However, according to Murin & Feráková (1988) in Slovakia, where diploid and triploid cytotypes of A. scorodoprasum occur in approximately equal proportions, triploids prevail in the communities occurring under the impact of human activities (e. g. vineyards, field edges, ditches, etc.).
No distinct differences in the relative frequencies of diploid and triploid cytotypes in different plant communities were found. Among the 46 populations of A. scorodoprasum only one population (diploid) was in Alno-Ulmion forest and three (all triploid) populations were on the Glechometalia hederaceae forest edge, while 42 populations occurred in meadows: 25 populations (18 triploids and 7 diploids) in the mesophilous Arrhenatheretalia elatioris grasslands, nine populations (6 triploids and 3 diploids) in semidry Mesobromion erecti grassland and eight populations (6 triploids and 2 diploids) inTrifolio-Geranietea sanguinei grasslands (Table 2) . Six from nine the most frequent species i.e. Achillea millefolium, Allium oleraceum, Dactylis glomerata, Medicago falcata, Poa angustifolia and Vicia cracca were associated with both cytotypes (Table 3). The most frequent species found only in habitats of diploids were Filipendula vulgaris and Chaerophyllum aromaticum (23.1% of habitats) while the most frequent species unique to habitats of triploids were Rumex acetosa (21% of habitats). The other species unique to either habitat were less common and occurred less than in 20% of habitats. There are only sparse data on ecology and distribution of A. scorodoprasum in all areas of its distribution. For example, in the Czech Republic it usually inhabits forests, wet, mesophilous and semidry grasslands or arable lands (Duchoslav & Krahulec 2009 ), in Finland A. scorodoprasum is relict of former use and occurs in meadows, former gardens and forests (Hinneri 1997; Åström & Haeggström 2003) . Table 3 . The most frequent species associated with diploid (2n) and triploid (2n) Allium scorodoprasum. Frequency is reported as the ratio (%) of the species entries in 13 relevés with diploid and 33 relevés with triploid A. scorodoprasum.
Frequency ( The texture of soil in habitats of A. scorodoprasum was mostly light and varied from coarse sand to sandy loam or loam. Diploids occurred in slightly more heavy soils than triploids, but difference was not significant (P = 0.105, Mann Whitney U test). The available phosphorus and potassium content varied in wider range for diploids than for triploids and differed between soils of both cytotypes statistically (t = 2.26, P = 0.029 and t = 4.01, P = 0.000, respectively; Fig. 2 ). The greatest available phosphorus and potassium content was found in habitats situated near homesteads (populations No 18, 40 and 41) . The soils in habitats of diploids were neutral or slightly alkaline, pH varied from 6.7 to 7.5 while in habitats of triploids pH varied in much wider range, from 4.9 to 7.4 and differed statistically (t = 3.63, P = 0.001; Fig. 2 ). However, pH in habitats of diploids may be determined by the shallower calcareous horizon in the northern, central and southern parts of Lithuania (Volungevičius & Eidukevičienė 2009 ). The soil chemical characters were used in the principal component analyses (PCA). PCA reduced four characters to two principal components which explained 69.0% of the variance but habitats groups according to ploidy level were blurred and there was large overlap between the habitats of diploids and triploids (Fig. 3) .
Whereas the ecological preferences of cytotypes overlap, mixed populations can be expected. Moreover, A. scorodoprasum spreads almost entirely vegetatively. It produces several underground daughter bulbs which remain and sprout in a close vicinity of the parent plant and numerous aerial bulbils which are dispersed like the large seeds (Karpavičienė & Karanauskaitė 2010) . The seed set of A. scorodoprasum are very infrequent in occurrence and recorded only in diploid populations (personal unpublished data) while triploids are characterized by pollen sterility (Murin & Feráková 1988) . Neither the seeds nor the aerial bulbils have any particular adaptation for dispersal except their buoyancy enhances their ability to disperse downstream and in the immediately surrounding area during floods. Predominant vegetative reproduction and localized dispersal retard the effect of exclusion of emerging or invading cytotype (Duchoslav et al. 2010) . However, no one population consisting of two cytotypes was found.
The absence of mixed populations and distinct geographical isolation of diploids and triploids of A. scorodoprasum in Lithuania suggested at least two separate roads of colonization from different populations of origin. The spread could be supported by human activity. Like a many wild Allium species used for food and treatment, A. scorodoprasum was exploited by the seafarers or local inhabitants as culinary, medicinal or scurvy plant and planted near settlements (Stearn 1980; Hinneri 1997; Fritsch & Friesen 2002) . Moreover, this species is considered an archeophyte in neighbouring Poland (Dembicz & Sudnik-Wójcikowska 2011) and Finland (Hinneri 1997) .
The pattern of geographical distribution of cytotypes upstream along the ancient waterways is best explained by their dispersal as a consequence of human activity. Diploids, presumably, arrived from the north through the current territory of Latvia, while the triploids were brought by seafarers from the west through the Baltic Sea and Curonian Lagoon. Only two diploid populations (No 4 and 40, Fig. 1 ) did no fit this pattern of distribution. These populations may have a separate or secondary colonization history since the diploid population in the centre of Lithuania (No 40) occurred near former estate buildings and may be more recent escapees from a garden.
In conclusions, the present study showed a wide overlap of ecological preferences of diploid and triploid A. scorodoprasum. Due this fact and the predominant vegetative reproduction of both cytotypes ploidy-mixed populations could be expected. However, the absence of mixed populations and distinct geographical segregation of A. scorodoprasum cytotypes in Lithuania suggests at least two separate roads of colonization from different populations of origin.
